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Absract: 

The effect of 690 keV Xe ion irradiation at three different dosage levels, 1 , 

5 and 10x1 OVcm2, on the microstructure of amorphous-MoSiJ amorphous-Sic 

nanolayer composites has been studied using transmission electron 

microscopy. Results show that the depth of radiation damage in this multilayer 

material is - 80 nm, which agrees qualitatively well with the calculated damage 

depth calculated by TRIM [l]. A diffraction ring corresponding to the (10 71) 
plane of C40 MoSi, was found in the electron diffraction pattern taken from the 

irradiated regions; the C40 phase is also found after thermal annealing of 

amorphous MoSi, at 500°C or above. In the damaged regions SIC layers were 

found to spherodize while the nanocrystalline grains in the MoSi, layers 

appeared to coarsen with increasing dose. 

introduction: 
MoSi, is a potential matrix or reinforcement material for high-temperature 

composites because of its high melting point and good oxidation resistance at 

elevated temperatures [2,3]. For structural applications on the other hand, 
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MoSi, needs to be composited with other appropriate constituents to remedy its 

inadequate high-temperature strength and poor low-temperature ductility. 

Practical use of such MoSi,-based composites requires structural stability. In a 

previous thermal stability study on amorphous-MoSiJamorphous-Sic [4] 

nanolayer composites, it was found that the layers remained stable till -700°C. 

Above that temperature, Sic started to crystallized at the grain boundaries of 

MoSi, which first crystallized as metastable C40 phases at -500°C and then 

transformed to the stable C11, phases at -900°C. Above 900°C, the layers 

broke down and grain growth set in, and a significant decrease in hardness and 

modulus was observed. The two phase microstructure was maintained at all 

temperatures investigated, which is consistent with a thermodynamical stability 

of the MoSiJSiC system[5]. 

A stability of layered structures under ion beam mixing depends also on 

thermodynamical properties. It has been well established that a positive heat of 

mixing retards an ion beam mixing rate effectively[6]. In such a case no 

homogeneous alloy is formed but a phase separation occurs instead. Mobility 

of atoms under ion bombardment results only from ballistic effects. Even in the 

absence of thermochemical driving forces microstructural changes during ion 

beam mixing can occur, however. Especially in multilayered structures 

interfaces may posses excess energy which may result in morphological 

changes provided that adequate kinetic conditions can be obtained. 

In this study the structural stability of similar amorphous- 

MoSiJamorphous-Sic nanolayer composites which were used in thermal 

annealing experiments was investigated under ion irradiation. Due to a lack of 

thermochemical driving forces we did not expect to see mixing which would 

result in a complete homogenization. Instead, a great number of interfaces 

could result in morphological changes while the two phase structure is 



maintained. We focus on investigating of the stability of layered structure 

against a more uniaxial structure and the possibility to transfer a nanolayered 

structure into a uniaxial nanocrystalline structure during ion bombardment. 

Finally a comparison is made with the thermal annealing study. 

Experimental procedures: 

Alternating layers of MoSi, and Sic were prepared by sputter deposition 

reported previously[4]. The nominal thickness of constituent MoSi, and Sic 

layers are 10 nm and 3 nm respectively. The multilayers were ion irradiated by 

690 keV Xe ions at three dosage levels, 1, 5 and 10x1 015/cm2. Ion 

bombardment was carried out at the implantation facility of GSI. After ion 

irradiation, samples were glued face to face, cut, polished and ion-milled for 

cross-sectional transmission electron microscopy. The microscope used in this 

study is a JEOL 3000F transmission electron microscope with a point-to-point 

resolution of 0.17 nm. 

Results and discussions: 

Figure 1 (a) shows the original multilayer structure of the as deposited 

MoSiJSiC nanolayer composite. Electron diffraction indicates that the 

MoSiJSiC films are amorphous, as shown in Fig. 1 (b). Figures 2, 3 and 4(a) 

show bright field images taken from the irradiated regions at three dosage 

levels, 1, 5 and 1Ox101~/cm2, which show that irradiated MoSiJSiC loses its 

layered structural integrity and that the damaged regions are - 80 nm deep from 

the surface. The depths of the irradiated regions from the surface agree 

qualitatively well with those calculated by TRIM[l], - 120 nm for the 1 and 10 

xlO15/cm* doses with - 2.5 nm thick SIC layers and - 30.8 nm MoSi, layers and 

also the 5 x l  OVcm2 dose with - 1.8 nm thick SIC layers and - 18.2 nm thick 



MoSi, layers, where it is assumed that the amorphous Sic and MoSi, are as 

dense as their crystalline counterparts. From Figs. 2, 3 and 4(a) it is clear that a 

microstructural coarsening process in the irradiated MoSi, layers and a 

spherodization process in the irradiated Sic layers have occurred as a result of 

the 690 keV ion irradiation; these changes appear more pronounced as the 

dosage level increases. Figure 4(b) shows an electron diffraction pattern taken 

from the irradiated region shown in Fig. 4(a). By comparing Fig. 4(b) with Fig. 

1 (b), it is seen that there is an extra ring with a d-spacing of 0.339 nm 

corresponding to the d spacing, 0.341, of (10 11) planes of metastable 

hexagonal C40 MoSi,. The extra ring in the electron diffraction pattern 

suggests the onset of crystallization for the amorphous MoSi,. No large C40 

MoSi, grains were observable by high resolution electron microscopy but 

nanocrystalline grains of C40 MoSi, crystals in an amorphous matrix are clearly 

evident in Fig. 5. Careful inspection of the electron diffraction patterns taken 

from the irradiated regions shown in Figs. 2 and 3 revealed a similar faint extra 

ring with the d spacing of 0.339 nm corresponding to the (10 71) planes of 

metastable hexagonal C40 MoSi,. 

The observed nanocrystalline hexagonal C40 MoSi, and the 

microstructural coarsening process occurring in the irradiated MoSi, layers 

indicate that the energy transfer from the 690 keV Xe ions to the originally 

amorphous MoSi, enhances diffusion in a similar fashion to the effect of thermal 

annealing at 500°C. However, the enhanced diffusion is not sufficient 

compared to the effect of thermal annealing at 700°C since the irradiate SIC is 

only observed to spherodize rather than crystallize. The increased coarsening 

of the mottled contrast in the irradiated MoSi, shown in Figs. 2, 3 and 4(a) as 

irradiation dosage level increases is due to the nucleation and growth of 

nanocrystalline grains of C40 MoSi,. It is also possible that the crystallization 



process occurs during cool down in the displacement spikes caused by energy 

transfer from Xe ions to the originally amorphous MoSi, rather than by 

enhanced diffusion. 

Conclusions: 
Amorphous-MoSiJamorphous-Sic nanolayer loses its layered structural 

integrity as a result of 690 keV Xe ion irradiation, where the MoSi, crystallizes in 

the C40 structure and the SIC spherodizes. The Xe ion irradiation effect on the 

amorphous MoSi, is similar to the effect of thermal annealing at 5OO0C, where 

C40 MoSi, starts to crystallize. The results are interpreted in terms of enhanced 

diffusion and possibly crystallization in displacement spikes. 
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Figure Captions: 

Figure 1 (a) Original multilayer structure and (b) electron diffraction pattern 

of as deposited MoSiJSiC nanolayer composites. 

Bright field TEM image taken from the MoSiJSiC regions Figure 2 

Figure 3 

Figure 4 

Figure 5 

irradiated to 1x1 O15/cm2. 

Bright field TEM image taken from the MoSiJSiC regions 

irradiated to 5x1 O15/cm2. 

. (a) Bright field TEM image and (b) electron diffraction pattern taken 

from the MoSiJSiC regions irradiated to 1 Ox1015/cm2 . 
High resolution image of the MoSiJSiC regions irradiated to 

10x1 015/cm2 . Arrows indicate several C40 MoSi, nanocrystalline 

grains. The insert shows the magnified region A. 
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Figure 4(a) 

Figure 4(b) 



Figure 5 
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